Purpose or Objective: Accurate identification of the clinical target volume and organs at risk remains one of the most observer-dependent and time-consuming processes in radiotherapy treatment planning. An online adaptive procedure at the MRI linear accelerator (MR-Linac) requires fast contouring to adapt the treatment plan to the daily anatomy. Automatic contouring software can be a helpful tool to speed up this process. The purpose of this study was to evaluate the feasibility of automatic contour propagation for online adaptive treatment of spinal bone metastases on the MR-Linac.
Material and Methods:
Two healthy volunteers underwent an MR-scan twice of the lumbar spine with an interval of two months. The MR-scans were acquired on an Ingenia 1.5T scanner (Philips, Best Netherlands) according to the clinical stereotactic spine protocol. The first MR-scan series contained a transversal mDixon scan with a Field of View (FOV) length of 30 cm, which is considered the reference. The second series contained, besides the same mDixon, a transversal T1 TSE and T1 VISTA both with a FOV of 20 cm. These scans were considered as the daily MRI. Ten contours were manually delineated on the reference; the whole vertebral compartments of thoracic 12 until lumbar 5, both kidneys, aorta and myelum (figure 1a). Automatic contouring software 'Advanced Medical Image Registration Engine' (ADMIRE v1.12, Elekta, Stockholm Sweden), was used for MRbased deformable registration and contour propagation of all contours between the reference and the 3 daily MRsequences. The processing time required by ADMIRE to create contours on each MR-sequence was scored. The contour propagation on different MR-sequences was evaluated visually. A scoring system with a scale from 1-3 was used for visual evaluation of all contours: contours clinical acceptable, according to the clinical guidelines (score 1), contours need some adjustments (score 2) and contours need major adjustments (score 3). All adjustments (score 2) were specified for location of the contour failure and the adjustment time.
Results:
The mean processing time needed for automatic registration and contour propagation was 56 (range 35-89) seconds. The mean processing time decreased when a 20 cm length of FOV was used to 41 (range 35-47) seconds. In total, 98% of the automatically delineated contours were clinically acceptable (score 1) (figure 1b). In the remaining 2% small adjustments (score 2) were made at the border of a 20 cm FOV. No score 3 was observed. The additional time needed for manual adjustments was 28 seconds.
Conclusion: MR-based contour propagation using automatic contouring software is fast enough for an online treatment at the MR-Linac. A limited FOV is usable for contour propagation, which allows tailoring of the FOV to the target of each individual patient. These high numbers of clinically acceptable contours will need to be confirmed in an ongoing study, first on several volunteers and then on patients pathology. Purpose or Objective: Spine stereotactic body radiation therapy (SBRT) employs high doses per fraction. In this study, we assessed the importance of delineating the true cord (TC) for dose planning constraints, rather than using thecal sac (TS) as a surrogate. We also evaluated different MRI-to-CT registration methods for matching the MRI cord to the CT myelogram (CTM, here considered as the gold standard for TC visualization).
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Material and Methods:
Fifteen spine SBRT patients with both CTM and MRI scans were selected. The TS and TC were delineated according to RTOG protocols and the MRI contours were fused to the CT volume using either rigid or deformable image registration. To compare the performance of the rigid vs. deformable registration, Dice similarity coefficients and Hausdorff distances (largest distance from a point in one contour to the closest point in the other contour) were calculated. The importance of TC delineation was evaluated by comparing the TC and TS from the CTM by determining the minimum distance between any of the circumference points on the two structures, and the number of points that were closer than 1mm (indicating that parts of the TC were close to the edge of the TS). For 3 fraction spine SBRT, we used this minimum distance to estimate the potential max point dose that could be received by the TC if this is not delineated and constrained directly in treatment planning, given a TS max dose constraint of 21.9 Gy. We also estimated the subsequent risk of radiation myelopathy based on a published dose-response model from a clinical spine SBRT series.
Results:
The average Dice coefficient (± standard deviation) for the TS was 0.84 ± 0.06 for rigid and 0.81 ± 0.07 for deformable registration, and respectively 0.73 ± 0.10 and 0.67 ± 0.14 for the TC. For some patients rigid registration was superior and vice versa for others, no method was clearly superior. ESTRO 35 2016 _____________________________________________________________________________________________________ For CTM-based TC and TS, results are presented in Table 1 , where 11 of 15 patients had parts of the cord < 1mm of the TS circumference. Based on a 21.9 Gy max TS point dose in 3 fractions, the potential max TC point dose is 20.0 Gy ± 1.4 Gy, assuming a dose fall-off of 10% per mm. This is equivalent to 43.6 Gy2 ± 5.3 Gy2 in 2 Gy fractions given α/β = 2. As seen in Table 1 this could lead to a potential risk of radiation myelopathy higher than 5% in 11 out of the 15 patients. Figure 1 shows the comparison of TC and TS and highlights the parts where the TC protrudes out close to the TS edge (color-coded in red).
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Conclusion:
The TC position between MRI and CTM appears comparable, with rigid registration providing sufficient results, although care should be taken as large individual differences may exist. Based on our results, delineating the TC is essential in spine SBRT, and CTM provides a robust option that can be obtained and planned for treatment on the same day. If planning constraints for the TS are used as surrogate for the TC, parts of the TC that are very close to the TS edge may receive unacceptably high dose.
